I will review studies of fluctuations and correlations carried out over the last 20 years and hopefully provide some insights for new measurements.
Introduction
Correlation observables are a key component of the toolset used by researchers in the study of the dynamics of nuclear collisions at high energy, and for measurements of the properties of the matter produced in these collisions. As such, correlation observables take a multitude of forms and provide access to a broad range of phenomena and nuclear matter properties (Fig. 1 ). While they seemingly take many different forms, correlation observables share a basic definition and properties. They can be broadly divided into integral and differential correlation functions, which may be averaged over all interactions measured for a given type of collisions, or studied as function of global event observables such as the total transverse energy, or the charged particle multiplicity measured in a specific kinematic range. Differential correlations can be studied as function of selected kinematical variables of two or more particles and integral correlations are well suited towards the study of fluctuations. In these proceedings, I review advances in measurements of several types of correlation and fluctuation observables towards the identification and study of the quark gluon plasma (QGP) produced in relativistic heavy ion collisions at the CERN SPS, RHIC, and the LHC. I first introduce the basic definition of correlation observables in §. I then proceed to review a number of measurements that were designed to identify and study the properties of the QGP, including net charge fluctuations in §, the charge balance function in §, higher moments of charge fluctuations in §, measurements of K/π yield fluctuations in §, and p T fluctuations in §. I conclude with a brief assessment of the results and impact of these various measurements in §. 
Definitions
Measurements of correlations and fluctuations are rooted in the notion of joint probability distribution and multi-particle density. For instance, two random variables x and y can be said to be statistically independent if their joint probability distribution, P (x, y), can be shown to factorize, i.e. if P (x, y) = P (x)P (y) where P (x) and P (y) are the probabilities of observing x and y independently of each other. In the context of measurements of particle production in nuclear collisions, random variables of interest are the particle yield or particle density at different positions in momentum space. One is in particular interested in measuring whether the yield of particle production at a specific momentum (or range of coordinates) is correlated to the production at another momentum or range of coordinates. Loosely speaking, such a measurement can be accomplished by measuring the covariance of the two yields. But since particle densities are in fact functions of the momentum coordinates, one is led to the introduction of correlation functions which compare the two-particle density, ρ 2 ( p 1 , p 2 ), expressing the number of particle pairs at two specific momenta (or into two ranges) with the product of the single particle densities ρ 1 ( p 1 ) and ρ 1 ( p 2 ). Such correlation functions may be expressed as a difference or a ratio as follows:
Generalization to three or more particles is readily achieved with the use of cumulants. Integration of single, two-, and n-particle densities over a finite momentum volume yield the average particle, N , the average number of particle pairs, N (N − 1) , and factorial moments,
volume. Given the variance of the particle yield ∆N 2 = N 2 − N 2 may also be written ∆N 2 = N (N − 1) − N 2 + N , one finds that integrals of the correlation functions C 2 or R 2 provide measures of particle fluctuations. Fluctuation observables based on R 2 , in particular, offer the advantage that they are robust (i.e. independent) against particle loses associated with detection efficiencies, whereas ∆N 2 has a non trivial dependence on efficiencies.
Net Charge Fluctuations
In Fortunately, there exist a relatively simple one-to-one relationships between these observables (Pruneau et al., 2003) . The ν +−,dyn observable involves the advantage of being defined in terms of ratios of two particle correlators to product of single particle yields, and is thus robust against particle losses due to detection efficiencies.
However, by construction, ν +−,dyn is subject to a 1/m scaling in the presence of m independent particle sources. Measurements were thus reported both in terms of ν +−,dyn and in terms of N ch ν +−,dyn where N ch is total number of charged particles measuring in the fiducial volume of experiments, corrected for detection efficiencies and instrumental effects. 
B(∆η)
At relativistic energies, N − ≈ N + , the balance function may then be expressed in term of integral correlators as follows: While radial flow may produce a slight narrowing of the balance function measured as function of ∆η (or ∆φ), the narrowing observed experimentally appears too strong to be explained solely on the basis of radial flow and is thus suggestive of the formation of a deconfined system with delayed particle production.
ALICE (Abelev et al., 2013) carried out similar measurements in the Pb + Pb system and obtained similar conclusions. It is also possible the RHIC beam energy scan has simply missed the relevant range of net baryon density.
Better observational techniques and larger data samples over a wider span of beam energies are consequently needed before one decidedly concludes on the existence of a critical point through this line of investigation.
K to π Yield Ratio Fluctuations
The observation of a relatively sharp peak in the ratio of kaon to pion average yields, K + / π + , by the Comparison of STAR and NA49 data, shown in Fig. 4 , indicate the two data sets are difficult to reconcile, unfortunately. More robust data, with better kaon to pion separation, and much larger data samples are thus can be used to measure transverse momentum fluctuations. Arguably, the simplest and most straightforward measurement method involves the ∆p T ∆p T observable first introduced by Voloshin (Voloshin et al., 1999) .
∆p T,2 dp T,1 dp T,2 ρ 2 ( p T,1 , p T,2 )dp T,1 dp T,2
where ∆p T,i ≡ p T,i − p T , and p T is the inclusive transverse momentum average of measured particles.
By construction, the correlation function ∆p T ∆p T scales inversely to the number of correlated particle sources, it is thus meaningful to examine the product dN/dη ∆p T ∆p T as reported by the STAR collabo- 
